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third active regions of a substrate. The first active region may
be spaced apart from the second active region by a first width
of'the isolation pattern in a direction. A gate structure may be
between the first and second active regions and may include a
second width wider than the first width of the isolation pattern
in the direction. Related methods of forming semiconductor
devices are also provided.
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FIG. 3
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1
SEMICONDUCTOR DEVICES INCLUDING A
GATE STRUCTURE BETWEEN ACTIVE
REGIONS, AND METHODS OF FORMING
SEMICONDUCTOR DEVICES INCLUDING A
GATE STRUCTURE BETWEEN ACTIVE
REGIONS

CROSS-REFERENCE TO RELATED
APPLICATION

This U.S. non-provisional patent application claims prior-
ity under 35 U.S.C. §119 to Korean Patent Application No.
10-2012-0100890, filed on Sep. 12, 2012 in the Korean Intel-
lectual Property Office (KIPO), the disclosure of which is
hereby incorporated herein by reference in its entirety.

BACKGROUND

Example embodiments relate to semiconductor devices
and methods of forming semiconductor devices. As an inte-
gration degree of semiconductor devices such as Dynamic
Random Access Memory (DRAM) devices has increased, a
contact area of a contact may decrease and may thereby
increase contact resistance. In addition, as the size of a Metal
Oxide Semiconductor (MOS) transistor decreases, defects
such as punch through, short channel effect, body portion
leakage current, and gate-induced drain-leakage (GIDL), etc.
may be generated.

SUMMARY

Various embodiments of the present inventive concepts
provide a semiconductor device. The semiconductor device
may include a substrate including first, second, and third
active regions defined by a device isolation layer pattern, each
of the first, second, and third active regions including an
isolated shape in a first/longitudinal direction, the first and
third active regions being arranged in parallel in the first
direction, and the first and second active regions being spaced
apart and immediately adjacent each other in the first direc-
tion. The semiconductor device may include first and second
trenches in the substrate. The semiconductor device may
include a first buried gate structure in the first trench in the
first active region. The semiconductor device may include a
second buried gate structure in the second trench between
upper sidewalls of the first and second active regions, respec-
tively, the second buried gate structure including a line shape
extending in a second direction and a second width that is
wider in the first direction than a first width of the device
isolation layer pattern between the first and second active
regions. Moreover, the semiconductor device may include
first and second impurity regions at surface portions of the
substrate in the first active region at opposing sides of the first
buried gate structure. In some embodiments, a bottom surface
of the second buried gate structure may contact an upper
surface of the device isolation layer pattern. In some embodi-
ments, the second buried gate structure may protrude from an
interface with the device isolation layer pattern.

In various embodiments, the semiconductor device may
include a fourth active region spaced apart from and imme-
diately adjacent the first active region in the first direction.
The semiconductor device may include a third buried gate
structure in a third trench between upper sidewalls of the first
and fourth active regions, respectively. The upper sidewall of
the first active region adjacent the second buried gate struc-
ture may include a first upper sidewall of a first end portion of
the first active region and may contact a sidewall of the second

10

15

20

25

30

35

40

45

50

55

60

65

2

buried gate structure. The upper sidewall of the first active
region adjacent the third buried gate structure may include a
second upper sidewall of a second end portion of the first
active region and may contact a sidewall of the third buried
gate structure.

According to various embodiments, the second buried gate
structure may include a gate insulating layer, a buried gate
electrode, and an insulating layer pattern. The gate insulating
layer may be on an inner wall of the second trench. Moreover,
the gate insulating layer may contact the respective upper
sidewalls of the first and second active regions. In some
embodiments, an upper corner of an end portion of the first
active region may include a linear shape. In some embodi-
ments, an end portion of the first active region may include an
equivalent shape to a sidewall of the second buried gate struc-
ture.

In various embodiments, the semiconductor device may
include athird buried gate structure in a third trench in the first
active region. An upper surface of a portion of the first active
region between the first and third buried gate structures may
contacta first contact. An upper surface of a portion of the first
active region between the first and second buried gate struc-
tures may contact a second contact. In some embodiments,
the semiconductor device may include a bit line on an upper
surface of the first contact and a capacitor on an upper surface
of the second contact.

A method of forming a semiconductor device, according to
various embodiments, may include forming first, second, and
third preliminary active regions each including an isolated
shape including a longitudinal direction in a first direction,
the first and second preliminary active regions being spaced
apart and immediately adjacent each other in the first direc-
tion, and the first and third preliminary active regions being
arranged in parallel to the first direction, by forming a pre-
liminary device isolation layer pattern in a substrate. The
method may include forming first and second trenches in the
substrate extending in a second direction by partially etching
the substrate in the first preliminary active region and the
preliminary device isolation layer pattern, to provide first and
second active regions and a device isolation layer pattern. The
method may include forming a first buried gate structure in
the first trench in the first active region. The method may
include forming a second buried gate structure in the second
trench between upper sidewalls of the first and second active
regions, the buried gate structure including a second width
wider in the first direction than a first width of the device
isolation layer pattern between the first and second active
regions. Moreover, the method may include forming impurity
regions at surface portions of the substrate in the first active
region at opposing sides of the first buried gate structure.

In various embodiments, the preliminary device isolation
layer pattern between the first and second preliminary active
regions may include a narrower width than the second width
of the buried gate structure. In some embodiments, forming
the first and second trenches may include forming the first
trench to a first depth in the substrate that is shallower than a
second depth of the second trench overlying the device iso-
lation layer pattern. In some embodiments, forming the sec-
ond buried gate structure may include forming an insulating
layer on an inner wall of the second trench, forming a buried
gate electrode on the gate insulating layer to fill a portion of
the second trench, and forming an insulating layer pattern on
the buried gate electrode to fill the second trench.

A semiconductor device, according to various embodi-
ments, may include a substrate and an isolation pattern in the
substrate. The semiconductor device may include first, sec-
ond, and third active regions of the substrate, the first active



US 9,093,297 B2

3

region between the second and third active regions in a direc-
tion, and the first active region including an end portion
immediately adjacent the second active region in the direction
and spaced apart from the second active region by a first width
of the isolation pattern in the direction. Moreover, the semi-
conductor device may include a gate structure between the
first and second active regions and including a second width
wider than the first width of the isolation pattern in the direc-
tion. In some embodiments, the gate structure between the
first and second active regions may overly the isolation pat-
tern.

Invarious embodiments, the end portion immediately adja-
cent the second active region in the direction may include a
first end portion, and the first active region may include a
second end portion immediately adjacent the third active
region in the direction. In some embodiments, the gate struc-
ture may include a first gate structure, the semiconductor
device may include a second gate structure between the first
and third active regions, and the first and second end portions
of the first active region may physically contact the first and
second gate structures, respectively. Moreover, the semicon-
ductor device may include first and second contacts physi-
cally contacting the first and second gate structures.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the disclo-
sure will become more apparent in view of the attached draw-
ings and accompanying detailed description.

FIGS. 1 to 8 represent non-limiting, example embodiments
as described herein.

FIG. 1 is a plan view illustrating a semiconductor device
with a buried gate in accordance with various embodiments.

FIG. 2 is a cross-sectional view taken along a line I-I' in
FIG. 1.

FIG. 3 is a plan view illustrating a semiconductor device
with a buried gate structure in accordance with various
embodiments.

FIGS. 4A to 4F are cross-sectional views illustrating a
method for fabricating a semiconductor device with the bur-
ied gate illustrated in FIGS. 1 and 2 in accordance with
various embodiments.

FIGS. 5A to 5D are plan views illustrating a method for
fabricating a semiconductor device with the buried gate illus-
trated in FIGS. 1 and 2 in accordance various embodiments.

FIG. 6 is a cross-sectional view illustrating a DRAM
device with the buried gate illustrated in FIG. 1.

FIGS. 7A and 7B are cross-sectional views illustrating a
method for fabricating the DRAM device illustrated in FIG.
6.

FIG. 8 is a block diagram illustrating a schematic diagram
of' a computing system in accordance with various embodi-
ments.

DETAILED DESCRIPTION

Example embodiments are described below with reference
to the accompanying drawings. Many different forms and
embodiments are possible without deviating from the spirit
and teachings of this disclosure and so the disclosure should
not be construed as limited to the example embodiments set
forth herein. Rather, these example embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will convey the scope of the disclosure to those skilled in
the art. In the drawings, the sizes and relative sizes of layers
and regions may be exaggerated for clarity. Like reference
numbers refer to like elements throughout the description.
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The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the embodiments. As used herein, the singular
forms “a,” “an,” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises,”
“comprising,” “includes,” and/or “including,” when used in
this specification, specify the presence of the stated features,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, steps, operations, elements, components, and/or groups
thereof.

It will be understood that when an element is referred to as
being “coupled,” “connected,” or “responsive” to, or “on,”
another element, it can be directly coupled, connected, or
responsive to, or on, the other element, or intervening ele-
ments may also be present. In contrast, when an element is
referred to as being “directly coupled,” “directly connected,”
or “directly responsive” to, or “directly on,” another element,
there are no intervening elements present. As used herein the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

It will be understood that although the terms “first,” “sec-
ond,” etc. may be used herein to describe various elements,
these elements should not be limited by these terms. These
terms are only used to distinguish one element from another.
Thus, a “first” element could be termed a “second” element
without departing from the teachings of the present embodi-
ments.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper,” and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may be interpreted accordingly.

Example embodiments of the inventive concepts are
described herein with reference to cross-sectional illustra-
tions that are schematic illustrations of idealized embodi-
ments (and intermediate structures) of example embodi-
ments. As such, variations from the shapes of the illustrations
as a result, for example, of manufacturing techniques and/or
tolerances, are to be expected. Thus, example embodiments
of'the inventive concepts should not be construed as limited to
the particular shapes of regions illustrated herein but are to
include deviations in shapes that result, for example, from
manufacturing. For example, an implanted region illustrated
as a rectangle may have rounded or curved features and/or a
gradient of implant concentration at its edges rather than a
binary change from implanted to non-implanted region. Like-
wise, a buried region formed by implantation may result in
some implantation in the region between the buried region
and the surface through which the implantation takes place.
Thus, the regions illustrated in the figures are schematic in
nature and their shapes are not intended to illustrate the actual
shape of a region of a device and are not intended to limit the
scope of example embodiments.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as

2 <
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commonly understood by one of ordinary skill in the art to
which this inventive concept belongs. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and/or the present specification and will not be interpreted in
an idealized or overly formal sense unless expressly so
defined herein.

FIG. 1 is a plan view illustrating a semiconductor device
with a buried gate in accordance with various embodiments.
FIG. 2 is a cross-sectional view taken along a line I-I' in FIG.
1. Hereinafter, an extended longitudinal direction of active
regions may be called a first direction, an extended direction
of a buried gate structure may be called a second direction,
and a vertical direction of the second direction may be called
a third direction.

Referring to FIGS. 1 and 2, a substrate 100 including active
regions 100a defined by a device isolation layer pattern 112
may be provided. The active regions 100a may have an iso-
lated island shape in the first direction and may be arranged in
parallel to the first direction. On the substrate 100, a trench
116 for gate may be formed. In the trench 116 for gate, a
buried gate structure 126 having an extended line shape in the
second direction may be provided. The buried gate structure
126 may be provided between upper side walls of the isolated
active regions 100a separated in the first direction and may
have a greater width W2 than the width W1 of the device
isolation layer pattern 112 between the active regions sepa-
rated in the first direction.

The substrate 100 may include a single crystalline semi-
conductor substrate. In the field region of the substrate 100, a
trench for isolating devices may be formed. The device iso-
lation layer pattern 112 may have a buried shape by an insu-
lating layer in the trench for isolating devices. Particularly,
the device isolation layer pattern 112 may have a stacked
structure of a silicon nitride layer 1124 and a silicon oxide
layer 1125. As illustrated in the drawings, the silicon nitride
layer 112a may be formed along the side wall and the bottom
surface of the trench for isolating devices. The silicon oxide
layer 11256 may have a shape of filling up the trench for
isolating devices on the silicon nitride layer 1124. The upper
surface of the device isolation layer pattern 112 may have a
planar shape.

In a portion of the device isolation layer pattern 112, a
buried gate structure 126 may be formed, and in a remaining
portion, the buried gate structure 126 may not be formed. On
a portion of the device isolation layer pattern 112 including
the buried gate structure 126, the height of the upper surface
of'the deviceisolation layer pattern 112 may be relatively low.
In addition, on a portion of the device isolation layer pattern
112 excluding the buried gate structure 126, the upper surface
of the device isolation layer pattern 112 may be disposed at
almost the same plane as the planar upper surface of the
substrate (hereinafter, “the main surface ofthe substrate”) and
may be relatively high.

The first direction, which may be the longitudinal direction
of the active region 100a, may not be vertical to the second
direction. That is, the first direction may be diagonal to the
second direction. In addition, the active regions 100a may be
disposed in a row in parallel with the first direction.

On a portion of the device isolation layer pattern 112 posi-
tioned between the active regions 100a disposed in parallel to
the first direction, the buried gate structure 126 may be pro-
vided. The portion of the device isolation layer pattern 112
between the active regions that are separated in the first direc-
tion may have a first width W1 in the first direction. The first
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6

width W1 may be smaller than the second width W2 of the
buried gate structure 126 in the first direction.

The trenches 116 for gates may be disposed in parallel to
each other with a constant distance. When examining the
trenches 116 for gates having a line shape, the trenches 116
for gates may have different depth from each other according
to the formed position due to the etching amount difference of
the substrate in the active region and a preliminary device
isolation layer pattern. As illustrated in FIG. 2, the trench
1164 for gate positioned on the device isolation layer pattern
112 may have a greater depth than that of the trench 1164 for
gate positioned at the active region 100q.

The trenches 1165 for gates with respect to one of the
isolated active regions 100a are explained herein in detail. In
one isolated active region 100a, two trenches for gates, that is,
first and second trenches, may be disposed in parallel with a
distance therebetween. Thus, the buried gate structures 126
provided in the first and second trenches may become the gate
of each transistor. Accordingly, two transistors may be pro-
vided in the isolated active region 100a.

In addition, at both end portions of the isolated active
region 100q in the first direction, third and fourth trenches
may be disposed, respectively. The upper side wall at both
edge portions of the isolated active region may make contact
with the third and fourth trenches. Thus, the edge position of
the isolated active region 100a may be determined by the
position of the third and fourth trenches. Accordingly, the
upper side wall at both edge portions of the isolated active
region 100a may not make contact with the device isolation
layer pattern 112. In this case, the width of the third and fourth
trenches may be greater than the upper width of the device
isolation layer pattern 112 positioned at a gap portion
between the isolated active regions 100a.

As described herein, the edge portion of the isolated active
region 100a may have the same shape as the side wall of the
trench 116 for gate. Thus, an upper corner portion of the edge
portion of the isolated active region 100a may not have a
rounded shape but may have a nearly linear shape as illus-
trated in the plan view in FIG. 1.

Because the buried gate structure 126 may be provided in
the trench 116 for gate, the side wall shape of the buried gate
structure 126 may be the same as the side wall shape of the
trench 116 for gate. Accordingly, the edge portion of the
isolated active region 100a may be the same as the side wall
of'the buried gate structure 126. In addition, the upper corner
of'the edge portion of the isolated active region 100a may not
have a rounded shape but may have a nearly linear shape as
illustrated in the plan view in FIG. 1.

The buried gate structure 126 may include a gate insulating
layer 120, a buried gate electrode 122 and an insulating layer
pattern 124. The gate insulating layer 120 may be provided on
the inner wall of the trench 116 for gate. That is, the gate
insulating layer 120 may cover the side wall of both edge
portions of each active region 100a. The gate insulating layer
120 may be a thermal oxidation layer formed by oxidizing the
surface of the substrate 100. Alternatively, the gate insulating
layer 120 may be a silicon oxide layer formed by a chemical
vapor deposition method.

Because the side wall of the active regions 1004 that are
separated in the first direction may be exposed to both sides of
the trench 116 for gate, respectively, the active regions 100a
may be required to be insulated. Thus, the gate insulating
layer 120 may insulate the isolated and separated active
regions from each other, as well as function as the gate insu-
lating layer of the transistor. Accordingly, the gate insulating
layer 120 may have a sufficient thickness for insulating the
separated and isolated active regions 100a from each other.
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The buried gate electrode 122 may include a metal material
or a polysilicon material. Particularly, the buried gate elec-
trode 122 may have a stacked structure of a barrier metal layer
and a metal layer. The barrier metal layer may include tita-
nium, titanium nitride, etc. The metal layer may include tung-
sten, etc. The buried gate electrode 122 may have a shape of
partially filling up the trench 112 for gate. Accordingly, the
buried gate electrode 122 may have an upper surface lower
than the main surface of the substrate 100.

The insulating layer pattern 124 may be provided on the
buried gate electrode 122 and may have a shape of filling up
the upper portion of the trench 116 for gate. The insulating
layer pattern 124 may include a nitride layer, an oxide layer,
or a stacked structure of a nitride layer and the oxide layer.

As described herein, the upper side wall of both edge
portions of the isolated active region 100a may make contact
with a buried gate structure 126. In addition, the upper side
wall of both edge portions of the isolated active region 100a
may not make contact with the device isolation layer pattern
112.

The second width W2 of the buried gate structure 126 in the
first direction may be greater than the first width W1 of the
device isolation layer pattern 112 positioned between the
active regions 100a separated in the first direction. Thus, in
the portion between the active regions 100a separated in the
first direction, a stacked shape of the device isolation layer
pattern 112 having the first width W1 and the buried gate
structure 126 having the second width W2 may be provided.
In addition, the side wall profile at the interface portion of the
device isolation layer pattern 112 and the buried gate struc-
ture 126 may have a bent shape as illustrated in the cross-
sectional view in FIG. 2.

Impurity regions 1284 and 1285 positioned at the surface
portion of the substrate 100 in the active region 100a between
the buried gate structures 126 may be provided as source/
drain regions of a buried transistor. As illustrated in the draw-
ings, a first impurity region 128a¢ may be provided at the
center portion of the active region 100a, and a second impu-
rity region 1285 may be provided at both edge portions of the
active region 100a. The upper surface of a portion of the
active region 100qg including the first impurity region 128«
may be a first contact forming region 130, and the upper
surface of a portion of the active region 100q including the
second impurity region 1285 may be a second contact form-
ing region 132.

As illustrated in the drawings, two (e.g., first and second)
buried gate structures 126 having a line shape may be pro-
vided at the isolated active region 100q. In addition, third and
fourth buried gate structures 126 making contact with both
edge portions of the isolated active region 100a may be pro-
vided. Here, the upper surface of the active region 100a
positioned between the first and second buried gate structures
126 may be a first contact forming region 130. In addition, the
upper surface between the first buried gate structure 126 and
one edge portion of the active region 1004 and the upper
surface between the second buried gate structure 126 and the
other edge portion of the active region 100a may become
second contact forming regions 132, respectively. Accord-
ingly, one first contact forming region 130 and two second
contact forming regions 132 may be provided at the isolated
active region 100a.

For a Dynamic Random Access Memory (DRAM) device,
the first contact forming region 130 may make an electrical
connection with a bit line through a bit line contact. In addi-
tion, the second contact forming region 132 may make an
electrical connection with a capacitor through a storage node
contact.
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As illustrated in FIG. 1, an edge portion of the isolated
active region 100a may be extended to a side wall portion of
the buried gate structure 126. In addition, the edge portion of
the isolated active region 100a may not have a rounded shape
but may have a nearly linear shape as the side wall of the
buried gate structure 126. Thus, the area of the upper surface
of'the second contact forming region 132 at the isolated active
region 100a may be sufficiently increased. Because the con-
tact area of a contact formed on the second contact forming
region 132 may increase, the contact resistance of the contact
formed on the second contact forming region 132 may
decrease.

Although some example embodiments of a semiconductor
device have been explained referring to FIG. 1, the arrange-
ment of the active regions 100a may not be limited to FIG. 1,
but various modified embodiments may be illustrated. That is,
the active regions 100a may be arranged in a row in parallel in
the first direction, and each of the active regions 100a may be
separated from each other in the first direction. However, the
angle in the first direction may be changed variously in the
active regions 100q. In addition, the distance and the shape of
each of'the active regions 100q disposed in the second direc-
tion may be changed diversely.

FIG. 3 is a plan view illustrating a semiconductor device
with a buried gate structure 126 in accordance with modified
example embodiments. The angle of the active regions 100a
in the first direction in the semiconductor device illustrated in
FIG. 3 is different from that illustrated in FIG. 1. In addition,
the distance between the active regions 100q in the second
direction may be different. However, the cross-sectional view
taken along a line I-I' in FIG. 3 may be the same as illustrated
in FIG. 2.

Each of the elements included in the semiconductor device
illustrated in FIG. 3 may have the same constitution as
explained referring to FIG. 1. That is, the active region 100a
defined by the device isolation layer pattern 112 may have an
isolated island shape. The first direction, which may be the
longitudinal direction of the active region 100a may not be
vertical to the second direction but may be diagonal. The
active regions 100a may be arranged in a row in parallel to the
first direction.

In addition, a buried gate structure 126 may be provided
between the upper side walls of each of the active regions
100a disposed in parallel to the first direction. At the portion
between the active regions 100a separated in the first direc-
tion, a second width W2 of the buried gate structure 126 in the
first direction may be larger than a first width W1 ofthe device
isolation layer pattern 112 positioned in the first direction
under the buried gate structure 126. Therefore, the side wall
profile at the interface portion of the device isolation layer
pattern 112 and the buried gate structure 126 may have a bent
shape as illustrated in the cross-sectional view in FIG. 2.

As described herein, the side wall of both edge portions in
the isolated active region 100a may have a shape making
contact with the buried gate structure 126 in the first direction.
The side wall at both edge portions of the isolated active
region 100a may be insulated by a gate insulating layer 120
included in the buried gate structure. In addition, the upper
side wall of both edge portions of the isolated active region
100a may not make contact with the device isolation layer
pattern 112.

FIGS. 4A to 4F are cross-sectional views illustrating a
method for fabricating a semiconductor device with the bur-
ied gate illustrated in FIGS. 1 and 2 in accordance with
various embodiments. FIGS. 5A to 5D are plan views illus-
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trating a method for fabricating a semiconductor device with
the buried gate illustrated in FIGS. 1 and 2 in accordance with
various embodiments.

Referring to FIGS. 4A, 5A and 5B, a first hard mask pattern
106 for forming a trench for isolating devices may be formed
on a substrate 100 that may include single crystalline silicon.
To form the first hard mask pattern 106, a first hard mask layer
may be formed on the substrate 100. The first hard mask layer
may include silicon oxide, silicon nitride, etc. On the first
hard mask layer, a first photoresist pattern 102¢ may be
formed. The first photoresist pattern 1024 may have a shape
covering the active region 100a on the substrate 100.

An example of forming the first photoresist pattern 102q is
illustrated in FIGS. 5A and 5B. A photoresist layer may be
coated on the first hard mask layer. Then, a first preliminary
photoresist pattern 102 having a line and space shape may be
formed through a photolithography process as illustrated in
FIG. 5A. The first preliminary photoresist pattern 102 may be
formed by performing a double patterning process. The first
preliminary photoresist pattern 102 may have a line shape
extended in the first direction. Then, a portion 104 corre-
sponding to a field region of the first preliminary photoresist
pattern 102 may be removed by a trimming process. Then, as
illustrated in FIG. 5B, the portion 104 of the first preliminary
photoresist pattern 102 may be removed to form the first
photoresist patterns 102q arranged in a row in parallel to the
first direction (as illustrated in FIG. 1) and having an isolated
island shape, respectively. A first width W1 of the removed
portion 104 by the trimming process may be the width of a
device isolation layer pattern 112 between the active regions
100a separated in the first direction from each other. Thus, the
width W1 of the removed portion 104 through the trimming
process may be smaller than the predetermined width of a
buried gate structure 126 to be formed.

Then, the first hard mask layer may be etched by using the
first photoresist pattern 102¢ as an etching mask to form the
first hard mask pattern 106. A plurality of the first hard mask
patterns 106 may have an isolated island shape and may be
arranged in a row in parallel in the first direction. In this case,
the width W1 between each of the firsthard mask patterns 106
disposed in a row in the first direction may be smaller than the
predetermined width of the buried gate structure 126. Thus,
the device isolation region may be decreased, while the active
region 100a may be increased.

Referring to FIGS. 4B and 5C, a trench 108 for isolating
devices may be formed by anisotropically etching the sub-
strate 100 by using the first hard mask pattern 106 as an
etching mask. The substrate 100 may then have a relatively
extruding shape. Accordingly, the planar surface of the sub-
strate 100 at the extruding portion may be provided as a
preliminary active region 101.

An insulating layer may be formed in the trench 108 for
isolating devices and planarized to form a preliminary device
isolation layer pattern 110. In some embodiments, a silicon
nitride layer 110a may be formed along the inner surface of
the trench 110a for isolating devices. On the silicon nitride
layer 1104, a silicon oxide layer 11056 completely filling up
the inner portion of the trench 108 for isolating devices may
be formed. Then, the silicon oxide layer 1105 and the silicon
nitride layer 110a may be planarized to form the preliminary
device isolation layer pattern 110. The silicon oxide layer
1105 may include an oxide layer such as a high density
plasma (HDP) oxide, a spin-on dielectric (SOD) layer, etc.

Then, the first hard mask pattern 106 may be removed. A
preliminary impurity region 127 may be formed at the surface
portion of the substrate 100 by doping impurities into the
substrate 100.
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Referring to FIG. 4C, a second hard mask pattern 114 for
forming a trench for gate may be formed on a substrate 100
including the preliminary device isolation layer pattern 110.
The second hard mask pattern 114 may have a stacked struc-
ture of different materials. Particularly, the second hard mask
pattern 114 may have the stacked structure of an amorphous
carbon layer pattern 1145 on a silicon oxide layer pattern
114a.

The second hard mask pattern 114 may selectively expose
aportion for forming a trench for gate. Thus, the second hard
mask pattern 114 may have a line shape extended in the
second direction. The second hard mask pattern 114 may
expose a portion of the preliminary active region 101 and a
portion of the preliminary device isolation layer pattern 110.

Particularly, the second width W2 of the exposed portion of
the second hard mask pattern 114 may be greater than the first
width W1 of the preliminary device isolation layer pattern
110 positioned between the active regions separated in the
first direction. Accordingly, a portion of the upper surface of
the preliminary device isolation layer pattern 110 and the
upper surface of the preliminary active region 101 may be
exposed by the second hard mask pattern 114.

Referring to FIGS. 4D and 5D, the substrate 100 of the
exposed preliminary active region 101 and the preliminary
device isolation layer pattern 110 may be respectively etched
by using the second hard mask pattern 114 as an etching mask
to form trenches 116a and 1164 for gates. Through the etch-
ing process, the preliminary device isolation layer pattern 110
may be etched to respectively form the device isolation layer
pattern 112 and the active region 100a. In addition, by par-
tially removing a portion of the substrate 100 at the portion for
forming the preliminary impurity region 127, the first and
second impurity regions 128a and 1286 provided as the
source/drain of a buried transistor may be formed in the active
region 100a between the trenches 1164 and 1165 for gates.

Thetrenches 1164 and 11654 for gates may have aline shape
extended in the second direction. Through the bottom surface
of'the trenches 116a and 1165 for gates having one line shape,
the substrate 100 or the device isolation layer pattern 112 may
be exposed.

After performing the etching process, because the etching
rate of portions of the substrate 100 and the preliminary
device isolation layer pattern 110 may be different, the
trenches 1164 and 1164 for gates may not be formed having
the same depth at each position. In other words, because the
preliminary device isolation layer pattern 110 may be etched
relatively fast, the depth of a trench for gate at a portion
exposing the preliminary device isolation layer pattern 110
thereunder may be greater.

The disposition of the trenches 1164 and 1165 for gates
may be explained with respect to one isolated active region
100a. Two (e.g., first and second) trenches 1164 may be
disposed with a distance therebetween in parallel in one iso-
lated active region 100q. In addition, both edge portions of the
isolated active region 100a may make contact with the side
walls of respective (e.g., third and fourth) trenches 1164.
Through forming the third and fourth trenches 1165 by the
etching process, both edge portions of the isolated active
region 100a may be determined. In addition, the upper side
wall of both edge portions of the isolated active region 100a
may not make contact with the device isolation layer pattern
112.

The first and second trenches 116a may be formed by
etching the substrate in the preliminary active region 101.
Thus, the device isolation layer pattern 112 may not be pro-
vided under the finally formed first and second trenches 116a.
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In addition, the width of the exposed portion of the second
hard mask pattern 114 for forming the third and fourth
trenches 1165 may be greater than the width of the prelimi-
nary deviceisolation layer pattern 110. Accordingly, the inner
width of the finally formed third and fourth trenches 1165
may be greater than the upper width of the device isolation
layer pattern 112 exposed through the bottom surface of the
third and fourth trenches 1165. The upper surface of the
device isolation layer pattern 112 formed by the etching pro-
cess may be planar. In addition, in some embodiments, the
edge portion of the isolated active region 100a may not have
a rounded shape but may have the same linear shape as the
trenches 116a and 1165 for gates.

Through performing the etching process, most of an amor-
phous carbon layer pattern 1145, which may be a portion of
the second hard mask pattern 114, may be removed. More-
over, the amorphous carbon layer pattern 1145 remaining
after performing the etching process may also be removed.

Referring to FIG. 4E, a gate insulating layer 120 may be
formed along a side wall and a bottom surface of the trenches
116a and 1165 for gates. The gate insulating layer 120 may be
formed by a thermal oxidation process or a chemical vapor
deposition process. For example, through performing a ther-
mal oxidation process, the surface of the exposed substrate
100 to a side wall of the trenches 1164 and 1165 for gates may
be oxidized to form the gate insulating layer 120. As another
example, through performing a chemical vapor deposition
process, the gate insulating layer 120 may also be formed on
the surface of the exposed substrate 100 to a side wall of the
trenches 116a and 1165 for gates, the upper surface of the
device isolation layer pattern 112 thereunder, and on the
surface of the second hard mask pattern 114.

The gate insulating layer 120 may insulate the active
regions 100q separated in the first direction from each other.
The gate insulating layer 120 may be formed to have a thick-
ness to sufficiently insulate the separated active regions 100a
from each other.

Referring to FIG. 4F, a conductive layer filling up the
trenches 1164 and 1165 for gates may be formed on the gate
insulating layer 120. The conductive layer may be formed by
depositing a barrier metal layer and a metal layer one by one.
Materials used for forming the barrier metal layer may
include titanium and titanium nitride. Materials used for
forming the metal layer may include tungsten. After planariz-
ing the conductive layer by a chemical mechanical polishing
process, an etch back process may be performed to form a
buried gate electrode 122 for partially filling up the trenches
116a and 1165 for gates.

An insulating layer filling up the inner portion of the
trenches 1164 and 1165 for gates may be formed on the buried
gate electrode 122. Then, the insulating layer may be pla-
narized to form an insulating layer pattern 124. The insulating
layer pattern 124 may include a nitride layer, an oxide layer,
or a stacked structure of the nitride layer and the oxide layer.

Then, the second hard mask pattern 114 may be removed.
Through performing the above-described processes, a buried
gate structure 126 including the gate insulating layer 120, the
buried gate electrode 122, and the insulating layer pattern 124
stacked one by one may be obtained.

The buried gate structure 126 may make contact with the
upper surface of the device isolation layer pattern 112
between the active regions 100a separated in the first direc-
tion. The width W2 of the buried gate structure 126 positioned
between the active regions 100a separated in the first direc-
tion may be greater than the width W1 of the device isolation
layer pattern 112 in the first direction disposed under the
buried gate structure 126.
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Through performing the above-described processes, two
buried gate structures 126, that is, first and second buried gate
structures 126 may be disposed in parallel in one isolated
active region 100q. In addition, at both edge portions of the
isolated active region 100a, third and fourth buried gate struc-
tures 126 may be provided, respectively. In the isolated active
region 100a, the third and fourth buried gate structures 126
may not function as the substantial gate of a transistor. The
upper surface of a portion of the active region 100a between
the first and second buried gate structures 126 may be a first
contact forming region 130, and the upper surface between
the first and second buried gate structures 126 and both edge
portions of the active region 100a may become a second
contact forming region 132. In the active region 100a, the
upper surface of the portion for forming the first impurity
region 1284 may become the first contact forming region 130,
and the upper surface of the portion for forming the second
impurity region 1285 may become a second contact forming
region 132.

Because both edge portions of the isolated active region
100a may make contact with the third and fourth buried gate
structures 126, the area of the upper surface in the isolated
active region 100a may be increased. That is, the area of the
second contact forming region 132 may be increased. As
described herein, as the horizontal area of the second contact
forming region 132 increases, the resistance of a contact
formed in the second contact forming region 132 may
decrease.

FIG. 6 is a cross-sectional view illustrating a DRAM
device with the buried gate structure 126 illustrated in FIG. 1.
The DRAM device illustrated in FIG. 6 may include a tran-
sistor having the same structure as the transistor including the
buried gate structure 126 illustrated in FIG. 1.

Referring to FIG. 6, a substrate 100 including a cell region
and a peripheral circuit region may be provided. Inthe portion
of the substrate 100 in the cell region, a transistor including
the same buried gate structure 126 as in FIG. 1 may be
provided. On the portion of the substrate 100 including the
buried gate structure 126, a first insulating interlayer 150 may
be provided. Through the first insulating interlayer 150, a first
contact 152a making contact with the first contact forming
region 130 may be provided. The first contact 152a may be
provided as a bit line contact. On the first contact 152a, a bit
line 1525 may be disposed. On the bit line 1525, a third hard
mask pattern 154 may be disposed. The bit line 1525 may
have an extended shape in the third direction, which may be
perpendicular to the second direction.

On the first insulating interlayer 150, a second insulating
interlayer 158 covering the bit line 1525 may be disposed.
Through the second insulating interlayer 158, a second con-
tact 160 making contact with the second contact forming
region 132 may be disposed. As described herein, because
both edge portions of the active region 100a may make con-
tact with a buried gate structure 126, the area of the upper
surface of the second contact forming region 132 may
increase. Thus, the contacting area at the bottom portion of
the second contact 160 may increase to decrease the resis-
tance of the second contact 160.

On the upper surface of the second contact 160, a capacitor
168 may be disposed. The capacitor 168 may include a lower
electrode 162, a dielectric layer 164 and an upper electrode
166. Thus, the second contact 160 may be provided as a
storage node contact for making contact with the lower elec-
trode 162 of the capacitor 168.

In a portion of the substrate 100 in the peripheral circuit
region, a planar type transistor may be provided. In the por-
tion of the substrate 100 in the peripheral circuit region, a
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device isolation layer pattern 112 for defining a device isola-
tion region and an active region may be provided. The device
isolation layer pattern 112 in the peripheral circuit region may
have the same stacked structure of a silicon nitride layer 112a
and a silicon oxide layer 1124 as the device isolation layer
pattern 112 formed in the cell region.

On the surface of the portion of the substrate 100 in the
peripheral circuit region, a second gate structure including a
second gate insulating layer 180, a second gate electrode 182,
and a fourth hard mask pattern 184 stacked one by one may be
provided. The second gate electrode 182 included in the sec-
ond gate structure may include the same material as the bit
line 1525. In addition, third and fourth impurity regions 192a
and 1925 used as source/drain regions may be provided at the
surface portion of the substrate 100 at both sides of the second
gate structure.

On the portion of the substrate 100 in the peripheral region,
a second insulating interlayer 158 covering the second gate
structure may be provided. Through the second insulating
interlayer 158, a third contact 188 making contact with the
third and fourth impurity regions 192¢ and 1925 may be
provided. The third contact 188 may include the same mate-
rial as the second contact 160 provided on the substrate 100 in
the cell region. Moreover, on the portion of the second insu-
lating interlayer 158 formed in the peripheral region, a third
insulating interlayer 190 may be provided.

As described herein, because both edge portions of the
active region 100a may make contact with a buried gate
structure 126, the area of the upper surface of the second
contact forming region 132 may be increased. Accordingly,
the contacting area at the lower portion of the second contact
160 may be increased to decrease the resistance of the second
contact 160.

FIGS. 7A and 7B are cross-sectional views illustrating a
method of manufacturing the DRAM device illustrated in
FIG. 6. Referring to FIG. 7A, a shallow trench device isola-
tion process may be performed with respect to a substrate 100
that is divided into a cell region and a peripheral circuit region
to form respective device isolation layer patterns 112. Then,
the same procedure may be performed as described herein
referring to FIGS. 4A to 4F to form a transistor including a
buried gate structure 126 as illustrated in FIG. 4F.

Then, a first insulating interlayer 150 may be formed on the
substrate 100 including the buried gate structure 126. A por-
tion of the first insulating interlayer 150 formed in the cell
region may be anisotropically etched to form a first contact
hole penetrating the first insulating interlayer 150 and expos-
ing a first surface portion of the substrate 100 in the first
contact forming region 130. In addition, a portion of the first
insulating interlayer 150 formed in the peripheral circuit
region may be etched to form a first opening portion exposing
the substrate 100 at the gate forming portion of a planar
transistor. A second gate insulating layer 180 may be formed
on a portion of the substrate 100 exposed through the bottom
surface of the first opening portion. The second gate insulat-
ing layer 180 may be formed by depositing silicon oxide
through a thermal oxidation process or a chemical vapor
deposition process.

A conductive layer filling up the inner portion of the first
contact hole and the first opening portion may be formed on
the first insulating interlayer 150. On the conductive layer,
third and fourth hard mask patterns 154 and 184 used as
etching masks may be formed, respectively. On the conduc-
tive layer in the cell region, the third hard mask pattern 154 for
forming a bit line may be formed. In the peripheral region, the
fourth hard mask pattern 184 for forming the gate of the
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planar transistor may be formed. The third hard mask pattern
154 may have a line shape extended in the third direction.

By etching the conductive layer using the third and fourth
hard mask patterns 154 and 184 as etching masks, a first
contact 1524 and a bit line 1525 making contact with the first
contact 152a may be formed on the first contact forming
region 130 in the cell region, and a second gate electrode 182
may be formed in the peripheral circuit region, respectively.
Then, most of the first insulating interlayer 150 formed in the
peripheral circuit region may be removed to form a second
gate structure.

Insulating spacers 156 and 186 may be formed on the side
wall of the bitline 1525 and on the side wall of the second gate
structure, respectively. In addition, impurities may be doped
into the substrate 100 at both sides of the second gate structure
to form third and fourth impurity regions 192a and 1924
provided as source/drain regions of a planar transistor.

As described herein, the second gate structure of the planar
transistor may be formed together in the peripheral circuit
region while forming the bit line 1524 in the cell region.
Accordingly, the bit line 1525 and the second gate electrode
182 may be formed by using the same material.

Referring to FIG. 7B, on the first insulating interlayer 150
in the cell region and on a portion of the substrate 100 in the
peripheral region, a second insulating interlayer 158 may be
provided. The second insulating interlayer 158 may have a
shape covering the bit line 1525 and the planar transistor.

A portion of the first and second insulating interlayers 150
and 158 in the cell region may be anisotropically etched to
form a second contact hole exposing a second surface portion
of'the substrate 100 in the second contact forming region 132.
In addition, a portion of the second insulating interlayer 158
in the peripheral region may be etched to form a third contact
hole exposing a third surface portion of the substrate 100 in
the third and fourth impurity regions 192q and 1925.

A conductive layer filling up the inner portion of the second
and third contact holes may be formed. The conductive layer
may be planarized to form a second contact 160 and a third
contact 188 in the second and third contact holes, respec-
tively.

As described herein, because the area of the upper surface
of the second contact forming region 132 may increase, the
contact resistance of the second contact 160 may decrease.
The second contact 160 may be provided as a storage node
contact.

Referring again to FIG. 6, capacitors may be formed on the
upper surface of the second contact 160. A capacitor 168 may
be formed as a cylinder-type capacitor or a stack-type capaci-
tor. On the second insulating interlayer 158 in the peripheral
region, a third insulating interlayer 190 may be formed.
Through performing the above-described processes, the
DRAM device illustrated in FIG. 6 may be completed.

The semiconductor devices in accordance with example
embodiments described herein may be mounted on a semi-
conductor package having diverse types. In addition, the
semiconductor devices and semiconductor packages includ-
ing the same may be applied in various types of systems
including a computing system.

FIG. 8 is a block diagram illustrating a schematic diagram
of' a computing system in accordance with various embodi-
ments described herein. Referring to FIG. 8, a computing
system 400 may include a microprocessor (CPU) 420, a Ran-
dom Access Memory (RAM) 430, a user interface 440, a
modem 450 such as abaseband chipset, and a memory system
410, electrically connected to a system bus. The memory
system 410 may include a memory device 412 and a memory
controller 411. The memory device 412 may include a semi-



US 9,093,297 B2

15

conductor device or a DRAM device in accordance with
example embodiments described herein. The memory con-
troller 411 may be constituted to control the memory device
412. Through combining the memory device 412 and the
memory controller 411, the memory system 410 may be
provided as a memory card or a semiconductor disk device
such as a solid state disk (SSD). When the computing system
400 is a mobile apparatus, a battery for supplying an operat-
ing voltage for the computing system 400 may be additionally
provided. In some embodiments, the computing system 400
may further include an application chipset, a camera image
processor (CIS), a mobile DRAM, etc.

As described herein, a semiconductor device having an
increased area of the upper surface of a contact forming
region may be provided. The semiconductor device may be
used in a memory device such as a DRAM device.

The above-disclosed subject matter is to be considered
illustrative, and not restrictive, and the appended claims are
intended to cover all such modifications, enhancements, and
other embodiments, which fall within the true spirit and
scope. Thus, to the maximum extent allowed by law, the scope
is to be determined by the broadest permissible interpretation
of'the following claims and their equivalents, and shall not be
restricted or limited by the foregoing detailed description.

What is claimed is:

1. A semiconductor device comprising:

a substrate comprising first, second, and third active
regions defined by a device isolation layer pattern, each
of' the first, second, and third active regions comprising
an isolated shape in a first direction comprising a longi-
tudinal direction, the first and third active regions being
arranged in parallel in the first direction, and the firstand
second active regions being spaced apart and immedi-
ately adjacent each other in the first direction;

first and second trenches in the substrate;

a first buried gate structure in the first trench in the first
active region;

asecond buried gate structure in the second trench between
upper sidewalls of the first and second active regions,
respectively, the second buried gate structure compris-
ing a line shape extending in a second direction and a
second width that is wider in the first direction than a first
width of the device isolation layer pattern between the
first and second active regions; and

first and second impurity regions at surface portions of the
substrate in the first active region at opposing sides of the
first buried gate structure.

2. The semiconductor device of claim 1, wherein a bottom
surface of the second buried gate structure contacts an upper
surface of the device isolation layer pattern.

3. The semiconductor device of claim 2, wherein the sec-
ond buried gate structure protrudes from an interface with the
device isolation layer pattern.

4. The semiconductor device of claim 1, wherein:

the semiconductor device further comprises a fourth active
region spaced apart from and immediately adjacent the
first active region in the first direction;

the semiconductor device further comprises a third buried
gate structure in a third trench between upper sidewalls
of' the first and fourth active regions, respectively;

the upper sidewall of the first active region adjacent the
second buried gate structure comprises a first upper side-
wall of a first end portion of the first active region and
contacts a sidewall of the second buried gate structure;
and

the upper sidewall of the first active region adjacent the
third buried gate structure comprises a second upper
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sidewall of a second end portion of the first active region
and contacts a sidewall of the third buried gate structure.

5. The semiconductor device of claim 1, wherein:

the second buried gate structure comprises a gate insulating

layer, a buried gate electrode, and an insulating layer
pattern; and

the gate insulating layer is on an inner wall of the second

trench.
6. The semiconductor device of claim 5, wherein the gate
insulating layer contacts the respective upper sidewalls of the
first and second active regions.
7. The semiconductor device of claim 1, wherein an upper
corner of an end portion of the first active region comprises a
linear shape.
8. The semiconductor device of claim 1, wherein an end
portion of the first active region comprises an equivalent
shape to a sidewall of the second buried gate structure.
9. The semiconductor device of claim 1, further comprising
athird buried gate structure in a third trench in the first active
region.
10. The semiconductor device of claim 9, wherein:
an upper surface of a portion of the first active region
between the first and third buried gate structures contacts
a first contact; and

an upper surface of a portion of the first active region
between the first and second buried gate structures con-
tacts a second contact.

11. The semiconductor device of claim 10, further com-
prising a bit line on an upper surface of the first contact and a
capacitor on an upper surface of the second contact.

12. A method for forming a semiconductor device, com-
prising:

forming first, second, and third preliminary active regions

each comprising an isolated shape comprising a longi-
tudinal direction in a first direction, the first and second
preliminary active regions being spaced apart and imme-
diately adjacent each other in the first direction, and the
first and third preliminary active regions being arranged
in parallel to the first direction, by forming a preliminary
device isolation layer pattern in a substrate;

forming first and second trenches in the substrate extend-

ing in a second direction by partially etching the sub-
strate in the first preliminary active region and the pre-
liminary device isolation layer pattern, to provide first
and second active regions and a device isolation layer
pattern;

forming a first buried gate structure in the first trench in the

first active region;

forming a second buried gate structure in the second trench

between upper sidewalls of the first and second active
regions, the buried gate structure comprising a second
width wider in the first direction than a first width of the
device isolation layer pattern between the first and sec-
ond active regions; and

forming impurity regions at surface portions of the sub-

strate in the first active region at opposing sides of the
first buried gate structure.

13. The method of claim 12, wherein the preliminary
device isolation layer pattern between the first and second
preliminary active regions comprises a narrower width than
the second width of the buried gate structure.

14. The method of claim 12, wherein forming the first and
second trenches comprises forming the first trench to a first
depth in the substrate that is shallower than a second depth of
the second trench overlying the device isolation layer pattern.

15. The method of claim 12, wherein forming the second
buried gate structure comprises:



US 9,093,297 B2

17

forming an insulating layer on an inner wall of the second
trench;

forming a buried gate electrode on the gate insulating layer
to fill a portion of the second trench; and

forming an insulating layer pattern on the buried gate elec-
trode to fill the second trench.

16. A semiconductor device comprising:

a substrate;

an isolation pattern in the substrate;

first, second, and third active regions of the substrate, the
first active region between the second and third active
regions in a direction, and the first active region com-
prising an end portion immediately adjacent the second
active region in the direction and spaced apart from the
second active region by a first width of the isolation
pattern in the direction; and

a gate structure between the first and second active regions
and comprising a second width wider than the first width
of' the isolation pattern in the direction.
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17. The semiconductor device of claim 16, wherein the
gate structure between the first and second active regions
overlies the isolation pattern.
18. The semiconductor device of claim 16, wherein:
the end portion immediately adjacent the second active
region in the direction comprises a first end portion; and

the first active region further comprises a second end por-
tion immediately adjacent the third active region in the
direction.
19. The semiconductor device of claim 18, wherein:
the gate structure comprises a first gate structure;
the semiconductor device further comprises a second gate
structure between the first and third active regions; and

the first and second end portions of the first active region
physically contact the first and second gate structures,
respectively.

20. The semiconductor device of claim 19, further com-
prising first and second contacts physically contacting the
first and second gate structures.
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